The effect of rubber dam on atmospheric bacterial aerosols during restorative dentistry  by Al-Amad, Suhail H. et al.
JJ
T
b
d
S
K
C
U
R
v
U
f
h
1ARTICLE IN PRESSIPH-580; No. of Pages 6
ournal of Infection and Public Health (2016) xxx, xxx—xxx
he  effect  of  rubber  dam  on  atmospheric
acterial  aerosols  during  restorative
entistry
uhail  H.  Al-Amad ∗,  Manal  A.  Awad,  Faraj  M.  Edher,
halil  Shahramian,  Tarek  A.  Omran
ollege  of  Dental  Medicine,  University  of  Sharjah,  PO  Box  27272,  Sharjah,
nited Arab  Emirates
eceived  24  November  2015;  received  in  revised  form  14  March  2016;  accepted  3  April  2016
KEYWORDS
Infection  control;
Rubber  dam;
Aerosols;
Colony-forming  units;
Clinical  attire
Summary  Rotatory  dental  instruments  generate  atmospheric  aerosols  that  settle
on  various  surfaces,  including  the  dentist’s  head.  The  aim  of  this  study  was  to  quanti-
tatively  assess  bacterial  contamination  of  the  dentist’s  head  and  to  evaluate  whether
it  is  affected  by  using  a  rubber  dam.  Senior  dental  students  (n  =  52)  were  asked  to
wear  autoclaved  headscarves  as  collection  media  while  performing  restorative  den-
tal  treatment  with  and  without  a  rubber  dam.  Four  points  from  each  headscarf  were
swabbed  for  bacterial  culture  after  30  min  of  operative  work.  Bacterial  contamina-
tion  was  quantiﬁed  by  counting  the  colony-forming  units.  Regardless  of  the  collection
point,  using  a  rubber  dam  was  associated  with  more  bacterial  colony-forming  units
than  not  using  a  rubber  dam  (P  =  0.009).  Despite  its  clinical  value,  the  rubber  dam
seems  to  result  in  signiﬁcantly  higher  aerosol  levels  on  various  areas  of  the  dentist’s
head,  requiring  that  dentists  cover  their  heads  with  suitable  protective  wear.
©  2016  King  Saud  Bin  Abdulaziz  University  for  Health  Sciences.  Published  by  Elsevier
Limited.  All  rights  reserved.Please  cite  this  article  in  press  as:  Al-Amad  SH,  et  al.  The  e
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entistry  is  a clinical  profession  that  is  associated
ith biological,  chemical  and  physical  hazards.  The
urgical nature  of  clinical  dental  practice,  and  theffect  of  rubber  dam  on  atmospheric  bacterial  aerosols
ttp://dx.doi.org/10.1016/j.jiph.2016.04.014
entist’s position  in  close  proximity  to  the  patient,
ut the  dentist  at  risk  of  microbial  infections,  which
an be  transmitted  by  direct  contact  or  by atmo-
pheric  aerosols.
nces. Published by Elsevier Limited. All rights reserved.
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Several  studies  have  demonstrated  microbiolog-
ical contamination  of  various  clinical  surfaces  in
hospitals  and  dental  clinics  [1—5].  Clinician’s  attire,
such as  scrubs  and  white  coats,  were  found  to  har-
bor a  plethora  of  bacterial  species  at  high  quantities
[6—8].  Pathogenicity  of  microorganisms  detected
on clinical  surfaces  ranged  in  their  severity;  with
some being  the  cause  of  serious  illnesses,  such  as
measles  and  tuberculosis  [9].
To minimize  exposure  to  potentially  pathologi-
cal microorganisms,  the  Center  for  Disease  Control
and Prevention  (CDC)  recommends  that  all  den-
tal healthcare  providers  (DHCPs)  use  barriers  to
cover clinical  surfaces  as  well  as  personal  protec-
tive equipment  (PPE)  (gloves,  masks,  goggles  and
gowns) to  cover  their  skin  and  mucous  membranes
of eyes,  nose  and  mouth  when  performing  dental
treatments. The  CDC  also  recommends  the  use  of
high velocity  suction  and  rubber  dams  to  reduce
the aerosols  generated  during  rotatory  dental  pro-
cedures [10].
The  rubber  dam  is  a  disposable  rubber  sheet  that
is stretched  around  the  treated  tooth/teeth,  iso-
lating the  treatment  zone  from  saliva.  The  use  of
a rubber  dam  during  restorative  and  endodontic
treatments  is  considered  the  standard  of  care  in
most dental  care-providing  clinics  and  hospitals.  Its
use has  been  associated  with  higher  rates  of  dental
treatment  success  [11].  Additionally,  Cochran  et  al.
and Samaranayake  et  al.,  in  two  separate  studies,
observed  a  signiﬁcant  reduction  in  bacterial  atmo-
spheric contamination  when  rubber  dams  were  used
[12,13].
Nevertheless,  the  amount  of  bacteria-
contaminated  spatter  accumulating  onto  the
clinician’s  head,  with  and  without  the  use  of  a
rubber  dam,  has  not  been  previously  investigated.
The objective  of  this  study  was  to  determine
the effect  of  using  a  rubber  dam  on  the  amount
of bacteria  cultured  from  various  regions  of  the
clinician’s  head  during  routine  restorative  dental
treatment.
Materials and methods
Sample and setting
Female  dental  students  in  their  fourth  and  ﬁfth
years,  who  would  customarily  wear  headscarves,
were invited  to  participate  in  this  study.  The  studyPlease  cite  this  article  in  press  as:  Al-Amad  SH,  et  al.  The  e
during  restorative  dentistry.  J  Infect  Public  Health  (2016),  h
took place  at  the  University  Dental  Hospital  Shar-
jah (UDHS)  in  the  United  Arab  Emirates  during
the 2013/2014  academic  year.  UDHS  is  a  114-
dental chair  ambulatory  hospital  that  is  owned  and
f
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dministered  by  the  College  of  Dental  Medicine  at
he University  of  Sharjah.  The  hospital  was  inaugu-
ated in  2011  to  provide  advanced  dental  clinical
raining  at  the  graduate  and  post-graduate  levels.
Students who  consented  to  participate  (n  =  52)
ere randomly  assigned  into  two  equal  groups
sing computer-generated  random  numbers  and
hen assigned  to  a  dental  clinic  where  they  per-
ormed  a routine  restorative  dental  procedure.  To
tandardize the  extent  of  the  dental  procedure,
nly dental  cavity  preparations  on  posterior  teeth
hat were  already  planned  for  the  patients  were
ncluded.  A  colleague  from  the  same  group  was
ssigned  to  assist  each  student  by  holding  the  surgi-
al suction  tube  throughout  the  clinical  procedure.
ll students  wore  similar  PPE,  consisting  of  a  dis-
osable  apron,  mask,  gloves  and  plastic  goggles.
alf the  sample  (n  =  26)  was  asked  to  perform  this
rocedure  while  a rubber  dam  was  placed  over
he tooth  that  was  being  treated,  while  the  other
alf (n  = 26)  performed  similar  procedures  without
 rubber  dam.  This  study  was  approved  by  the
DHS Executive  Director  and  was  exempted  from
ull review  by  the  Research  Ethics  Committee  as  it
as a clinical  audit.
icrobiological assessment
ifty-two  unused  cotton-polyester  scarves  were
acked  in  plastic  pouches  and  sterilized  by  auto-
lave with  the  temperature  set  at  132 ◦C  for  30  min.
n this  way,  the  colony  forming  unit  (CFU)  base-
ine was  set  to  zero.  Each  scarf  was  removed  from
ts pouch  using  clean  gloves  and  the  participants
onned the  scarves  immediately  before  starting
he procedures.  Students  were  instructed  to  wrap
he scarves  around  their  head  and  neck  in  the
ame manner  as  they  would  normally  do  with  their
ustomary  headscarves.  They  were  asked  to  avoid
ouching  the  scarf  throughout  the  duration  of  the
0-min procedure.  Participants  were  then  asked  to
egin cavity  preparation;  30  min  into  the  operative
ork, participants  were  asked  to  pause  their  work
o allow  for  bacterial  swabbing.
Sterile cotton  swabs  that  were  moistened  with
terile normal  saline  were  used  to  sample  each
eadscarf. The  sterile  cotton  swabs  were  passed
wice  (up  and  down)  over  an  area  measuring
pproximately  3  cm  ×  3  cm.  Four  sampling  areas
n each  headscarf  were  pre-determined,  and  the
wabbing  process  was  calibrated  using  a  visual
uide (Fig.  1).  The  four  sampling  areas  were  asffect  of  rubber  dam  on  atmospheric  bacterial  aerosols
ttp://dx.doi.org/10.1016/j.jiph.2016.04.014
ollows:  the  area  overlaying  the  forehead  (desig-
ated  as  point  A),  the  area  overlaying  the  left  ear
point B),  the  area  overlaying  the  submental  trian-
le (point  C),  and  the  area  overlaying  the  occiput
ARTICLE IN PRESSJIPH-580; No. of Pages 6
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tFigure  1  Visual  guide  used  by  researchers  t
point  D).  The  swabs  were  placed  in  their  labeled
ubes and  transported  to  the  Microbiology  Depart-
ent  of  the  College  of  Health  Sciences,  University
f Sharjah  for  culturing.  Each  swab  was  immedi-
tely streaked  onto  a  marked  Petri  dish  containing
ryptikase Soy  Agar.  The  plates  were  then  aerobi-
ally incubated  at  37 ◦C  for  24  h  and  the  CFUs  on
ach plate  were  counted  and  recorded.
tatistical analysis
ata  processing  and  analyses  were  performed  using
BM SPSS/PASW,  version  22  (IBM  Corp).  Compari-
on between  the  mean  CFU  of  the  four  points  was
erformed  using  analysis  of  variance  (ANOVA).  The
elationship  between  rubber  dam  use,  as  the  inde-
endent  variable,  and  the  overall  CFU  for  each  of
he four  points  was  determined  using  independent
-test. Two-way  ANOVA  was  used  to  assess  the  rela-
ionship between  rubber  dam  use,  the  location  of
ach point  and  the  CFU.  The  level  of  signiﬁcance
as set  at  alpha  =  0.05.
esults
ifty-two  female  students  enrolled  in  this  study.
uring the  course  of  cavity  preparation,  2 partic-
pants were  excluded  due  to  changes  in  the  dental
rocedure  type  intra-operatively  (from  restorative
avity preparation  to  access  opening  and  inlay
reparation) and  3  students  had  to  use  a face
hield and  were  dropped  out.  The  ﬁnal  sample
onsisted of  47  students  with  188  collection  pointsPlease  cite  this  article  in  press  as:  Al-Amad  SH,  et  al.  The  e
during  restorative  dentistry.  J  Infect  Public  Health  (2016),  h
four points  for  each  student).  Of  those  collection
oints, 16  were  outliers  in  that  they  were  more  than
hree standard  deviations  above  the  mean.  These
6 outliers  were  excluded  from  statistical  analysis.
n
a
l
illect  samples  from  the  scarves  using  swabs.
he  majority  of the  outliers  (13  collection  points)
elonged  to  the  rubber  dam  group.  The  ﬁnal  sam-
le size  was  47  (22  in  the  rubber  dam  group  and  25
n the  non-rubber  dam  group).  The  ﬁnal  number  of
ollection points  was  172.
Four students  (8.5%)  had  zero  CFU  values  in
ll collection  points.  Three  of  these  belonged  to
he non-rubber  dam  group.  On  average,  the  points
n the  rubber  dam  group  had  more  CFUs  than
he non-rubber  dam  group,  but  this  difference
as not  statistically  signiﬁcant  (Fig.  2).  Table  1
hows  the  results  of  one-way  analysis  of  variance;
oint A  (forehead)  had  signiﬁcantly  more  CFUs
mean:  2.19,  SD:  3.04)  than  the  three  other  points
P =  0.036).  However,  two-way  analysis  of  variance
howed  that  using  a rubber  dam  was  associated  with
igniﬁcantly  higher  CFUs  (P  = 0.009)  (Table  2).  In  this
tudy, the  interaction  between  rubber  dam  use  and
he location  of  the  points  was  not  statistically  sig-
iﬁcant (P  =  0.95).
iscussion
everal  studies  have  demonstrated  a wide  spread-
ng of  bacteria  onto  various  surfaces  in  the  dental
linic as  a result  of  aerosols  generated  from  den-
al rotatory  instruments  [1,4,14,15]. The  bacterial
ontamination  was  beyond  expectations  in  terms  of
he total  area  of  contamination  and  the  quantity
nd pathogenicity  of  the  bacteria.  For  example,
autemaa et  al.  cultured  bacteria  at  areas  well
eyond  the  site  of  aerosol  generation  (the  den-
al chair)  [4], and  Decraene  et  al.  found  thatffect  of  rubber  dam  on  atmospheric  bacterial  aerosols
ttp://dx.doi.org/10.1016/j.jiph.2016.04.014
early half  of  the  bacterial  species  isolated  in  the
tmosphere  of  a  dental  clinic  were  resistant  to  at
east one  commonly  used  antibiotic  [5]. These  ﬁnd-
ngs demonstrate  that  pathological  bacteria  can  be
ARTICLE IN PRESSJIPH-580; No. of Pages 6
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Figure  2  Descriptive  analysis  between  the  four  points,  with  and  without  using  a  rubber  dam*.  There  is  no  difference
between  individual  points  whether  rubber  dam  is  used  or  not.  P-values  are  0.263  (point  A);  0.071  (point  B);  0.110
(point  C);  0.223  (point  D).
Table  1  Relationship  between  CFU  and  the  points  adjusted  for  rubber  dam  use.
Variables  TYPE  III  sum  of  squares  df  Mean  square  F  P-value
Pointsa 35.129  3  11.710  2.598  0.054
Rubber  dam  useb 31.295  1  31.295  6.944  0.009
Point*Rubber  dam  use  1.656  3  .552  .122  0.947
Regardless of the area on the head, CFU was higher when using a rubber dam by comparison to not using a rubber dam.
 C (a
c
a
a
t
aa Points are: A (above the forehead), B (over the right ear),
b Rubber dam used or not used during operative work.
transmitted  from  the  patient’s  oral  cavity  to  various
surfaces  within  the  dental  clinic.
Nejatidanesh  et  al.  indirectly  investigated  the
pattern  of  splatter  onto  the  dentist’s  face  using  a
face shield  as  the  study  medium  [16]. The  aerosols
that affect  the  dentist’s  head  have  not  been  pre-Please  cite  this  article  in  press  as:  Al-Amad  SH,  et  al.  The  e
during  restorative  dentistry.  J  Infect  Public  Health  (2016),  h
viously  investigated,  which  is  probably  because  of
the inability  to  perform  reproducible  swabbing  of
the head,  including  the  hair,  as  well  as  to  singly
Table  2  Assessment  of  means  CFU  by  points.a
Total
Mean  (SD)
Point  A  2.19  (3.04)a
Point  B 1.66  (1.82)
Point  C  1.01  (1.09)
Point  D  1.81  (2.15)
a Based on ANOVA.
Point A is signiﬁcantly different than point C. P-value = 0.036.
b
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tbove the submental triangle), D (the occiput).
olonize  the  bacteria  generated  from  dental  oper-
tive work.
In our  study,  we  overcame  this  obstacle  by using
n autoclavable  surface  (a  headscarf)  from  which
he bacteria-contaminated  aerosols  were  swabbed
nd cultured.  This  approach  allowed  us  to  set  the
aseline  bacterial  contamination  to  zero.  Moreover,
ur sample  consisted  of  female  students  who  nor-
ally use  headscarves  as  part  of  their  Islamic  dress
ode. As  a result,  the  students  were  not  hindered
y the  use  of  this  collection  surface  (a  headscarf)
uring routine  operative  dental  work.
The  use  of  a rubber  dam  in  clinical  practice  sig-
iﬁcantly affects  the  quality  of  dental  restorations
y isolating  the  dental  cavity  from  saliva  and  blood,
hich often  results  in  restoration  failure  [11,17]. In
his clinical  audit,  we  wanted  to  evaluate  whetherffect  of  rubber  dam  on  atmospheric  bacterial  aerosols
ttp://dx.doi.org/10.1016/j.jiph.2016.04.014
he use  of  a rubber  dam,  with  its  known  advan-
ages, impacts  the  level  of  aerosols  settling  on  the
linician’s  head  during  a  30-min  restorative  dental
reatment.
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[9] Harrel SK, Molinari J. Aerosols and splatter in dentistry: a
brief review of the literature and infection control implica-
tions. J Am Dent Assoc 2004;135:429—37.ARTICLE
he  effect  of  rubber  dam  on  atmospheric  bacterial
For  each  of  the  collection  points,  the  aver-
ge number  of  colony-forming  units  (CFU)  was
igher  in  the  rubber  dam  group  than  in  the  non-
ubber dam  group  (Fig.  2).  The  difference  between
he two  groups  for  each  point  was  not  statisti-
ally signiﬁcant.  However,  when  an  adjustment
as made  for  all  collection  points,  the  presence
f a  rubber  dam  was  associated  with  signiﬁcantly
ore bacteria-containing  aerosols  based  on  the  CFU
ounts (P  =  0.009)  (Table  2).  Those  results  indicate
hat the  use  of  a  rubber  dam  is associated  with  sig-
iﬁcantly  higher  bacterial  aerosol  levels  in  spite  of
ts clinical  beneﬁts.
Our  sample  consisted  of  dental  students  who
ave limited  clinical  experience.  This  can  be  con-
idered a  limitation  to  the  generalizability  of  the
tudy ﬁndings.  Additionally,  because  the  dental
rocedures  were  pre-planned  according  to  each
atient’s  treatment  needs,  some  variables  could
ot be  controlled.  These  include  the  location  of
he treated  tooth  (maxillary  or  mandibular).  Nev-
rtheless,  the  selection  of  a  homogeneous  group
f participants  who  have  similar  clinical  experience
4th and  5th  year  dental  students),  the  procedure
hey performed  (cavity  preparation  of  a  poste-
ior tooth)  and  the  procedure  duration  (30  min)
educe  the  heterogeneity  and  augment  standard-
zation. Despite  instructing  participating  students
o avoid  touching  the  headscarves  during  the  30-
in procedure,  artifactual  contamination  cannot
e entirely  discounted.  Accordingly,  the  values  that
ere calculated  as  outliers  were  considered  fac-
itious and  were  eliminated  from  all  statistical
nalyses.
Interestingly,  we  found  that  it  is  possible  to  com-
lete a  30-min  dental  operative  procedure  without
erosols  landing  on  the  head,  particularly  when  a
ubber dam  is  not  used.  As  the  study  evaluated
tudents during  their  clinical  training  years,  it can-
ot necessarily  be  generalized  to  more  experienced
entists. Further  research  is  needed  to  determine
f clinical  experience  affects  the  aerosol  levels  that
re generated  during  dental  procedures.
Current infection  control  protocols,  which
nclude the  use  of  gloves,  masks  and  goggles,  are
nsufﬁcient  to  prevent  bacterial  contamination  to
he head.  Those  protocols  should  be  extended  to
nclude a  disposable  head  cap  whenever  rotatory
ental instruments  are  used,  especially  when  a  rub-
er dam  is  applied.
This study  quantitatively  measured  the  bacterial
erosols on  the  head.  Future  studies  are  needed
o identify  the  microbiological  species  as  well  as
heir pathogenicity  and  resistance  to  antibiotics  to
recisely determine  the  health  hazards  of  dentalPlease  cite  this  article  in  press  as:  Al-Amad  SH,  et  al.  The  e
during  restorative  dentistry.  J  Infect  Public  Health  (2016),  h
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